| INTRODUCTION
Tuberculosis (TB) is a serious chronic infectious disease, caused by the obligate pathogenic bacterial species Mycobacterium tuberculosis (Mtb). TB is one of the oldest diseases that still harm mankind, with specimens isolated from ancient Egyptian mummies. Currently, about 9-10 million people contract tuberculosis each year, [1] [2] [3] [4] [5] [6] even as the emergence of drug-and multidrug-resistant tuberculosis strains continue to emerge. [7] [8] [9] The prevention and treatment of TB requires detection methods for Mtb that are quick to perform and with high sensitivity and specificity, 10, 11 so that patients may be treated early. 12, 13 At present, the main methods to diagnosis tuberculosis depend on detection of Mtb. These methods include the following: Acid-fast bacillus smear, culture, and nucleic acid amplification. Each of these has disadvantages in clinical medicine. Although acid-fast sputum smear staining is simple and easy to perform, it has low sensitivity and a low detection rate, [14] [15] [16] and it cannot identify between live and dead bacteria. The Roche solid culture method requires a long culture cycle, 4-8 weeks. 15, 17 The turnaround time of the improved liquid rapid culture system is 10 days, but it detects only viable bacteria 18 and is costly and susceptible to contamination. 19, 20 Techniques that rely on nucleic acid amplification include polymerase chain reaction (PCR) and loop-mediated isothermal amplification (LAMP). [21] [22] [23] [24] 
| Processing of sputum specimen
Bacterial RNA and DNA samples were prepared for RT-LAMP and LAMP. In short, first add 2 volumes of RNAprotect Bacteria Reagent into 1 volume of sputum sample to protect RNA and then add 2 volumes of 2% N-acetyl-L-cysteine-NaOH solution to liquefy the sputum sample. 34 vortex for 2 minutes until fully liquefied. Then plating 0.1 mL of specimen on to modified acid Roche medium to identify the bacteria and the remaining was stored at −80°C to be used to extract RNA and DNA. RNA was isolated, using the RNeasy Mini Kit (Qiagen, Germany) in accordance with the manufacturer's instructions and treated with DNase I. DNA was isolated using the Bacterial DNA Extraction Kit (Shenggong Shanghai).
| RT-LAMP primer design
The 16S 
| RT-LAMP reaction system
The 25 μL of reaction mix comprised the following: 1.6 μM of inner prim- 
| Sensitivity of RT-LAMP
The sensitivity of RT-LAMP was tested in triplicate using DNA and RNA extracted from 2 mL of Mtb sputum samples diluted in a 10-fold series.
| Specificity of RT-LAMP
Positive Mtb controls of H37Rv NR and negative control of pulmonary non-Mtb bacteria were used to compare the specificity between RT-LAMP and LAMP.
| Detection limit of RT-LAMP
A detection limit of RT-LAMP was calculated, using the following 
| Restriction enzyme digestion of RT-LAMP and LAMP products
After the RT-LAMP reaction, the restriction enzyme Xho I was used for restriction fragment length polymorphism (RFLP) analysis.
| EXPERIMENT TWO

| Clinical samples
Between November 2015 and July 2016, sputum specimens were collected from 100 TB suspected patients who were not given anti- 
| Statistical analysis
The sensitivities of the SCM, LAMP, and RT-LAMP tests for detecting Mtb were determined, using the chi-squared test. P < .05 was considered statistically significant.
| RESULTS
| Optimization of reaction conditions
The higher reaction temperature may decrease the activity of reverse transcriptase activities; the best reaction temperature was 60°C having a specific clear band (Figure 2A ). The optimum temperature for Bst DNA Polymerase generally is 63-65°C. 35, 36 The DNA reaction occurred at 60-65°C for LAMP ( Figure 2B ). RT-LAMP reaction starts 
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| The analytical sensitivity of RT-LAMP and LAMP
The sensitivity of RT-LAMP assay was 1.0 × 10 0 CFU/mL ( Figure 4A ), and the sensitivity of the LAMP method was 1.0 × 10 1 CFU/mL ( Figure 4B ). The sensitivity of RT-LAMP was 10-fold higher than that of the LAMP.
| The specificity of RT-LAMP
As shown in Figure 5 , RT-LAMP and LAMP specifically amplified Mycobacterium rRNA, but not the non-Mycobacterium species, indicating that the RT-LAMP primers used in this study specifically targeted Mycobacterium rRNA.
| Detection limit of RT-LAMP
The detection limit was determined, using the H37Rv standard in triplicate. Figure 6 showed that the detection limit of RT-LAMP was 1 ag, which equals about 1 copy of the RNA.
| Restriction enzyme digestion of RT-LAMP and LAMP products
The amplified product was digested by Xho I, the fragments were showed in Figure 7 . For the tuberculosis patient group of 122 clinical samples, the sensitivity was 88% for SCM, 100% for RT-LAMP, and 92% for LAMP.
The detection rate of sensitivity is significantly different between RT-LAMP and SCM (P < .01, Table 2 ), but not differentiate between LAMP and SCM (P > .05, Table 2 ). RT-LAMP was significantly more sensitive for detecting Mtb compared with SCM (P < .01), but LAMP and SCM were statistically similar (P > .05, Table 2 ). The rate of positive identification by RT-LAMP was significantly higher than that of LAMP (P < .05, Table 2 ).
| Follow-up samples assay of RT-LAMP and LAMP
To explore the relationship between RT-LAMP test results and antituberculosis treatment, we divided the same patient into three groups according to the anti-tuberculosis treatment cycle. The results of RT-LAMP and LAMP were shown in Table 3 . The results showed that in patients without treatmen, the positive rate of RT-LAMP was higher than LAMP, in patients with extended treatment (>6 months), the positive rate of RT-LAMP was lower than LAMP. That is because viable bacteria are less after treatment, and more dead bacteria remain in the body. So RT-LAMP can evaluate the efficacy of anti-tuberculosis whether there is drug resistance.
| DISCUSSION
It is predicted that TB will continue to be one of the world's major infectious diseases by 2020, 37 which indicates that TB is still spreading worldwide. In recent years, the infection rate of Mtb has been increasing gradually. 38, 39 It is difficult to identify based on morphology, especially for AIDS patients infected with non-Mtb that were often misdiagnosed as tuberculosis [39] [40] [41] leading to delayed treatment. The
RT-LAMP technique in this study is highly specific, and can be used to differentiate Mtb from non-tuberculosis Mycobacteria. Traditional nucleic acid amplification to detect TB is based on the DNA of Mtb, [42] [43] [44] which is unable to differentiate viable bacteria or evaluate the clinical efficacy of chemotherapy. However, 16S rRNA with its short half-life exists only in the metabolic period of live bacteria. Therefore, RT-LAMP technology to detect Mtb, using RNA, avoids the positive results caused by residual Mtb DNA. LAMP technology, with its simple, fast, and economical operation, has high sensitivity and specificity. The present study showed that RT-LAMP had a significantly higher Mtb detection rate compared with SCM, but the detection rates of LAMP and SCM were similar. The rate of positive detection of RT-LAMP was significantly higher than that of the LAMP method.
The negative result, but showed by RT-LAMP, obtained by LAMP from sputum specimens of patients with Mtb may be due to the low copy number of bacteria, which limited detection. Using RNA, the detection sensitivity of RT-LAMP was higher, since the 16S rRNA copy number is 10 3 -10 5 times higher than that of DNA. 31 and RNA is single-chain structure, which is fragile and easy to degrade, and is not easy to cause contamination. In addition, the sensitivity of RT-LAMP is ~10-fold higher than that of LAMP. The short reaction time In conclusion, the RT-LAMP technique evaluated in this study is simple, rapid, specific, and sensitive. It can be used to detect viable
Mtb and is practical for use in primary medical care institutions or peripheral laboratory. If connected to a more convenient quantitative device, this technology should be used in daily diagnostic and epidemiological investigations for Mtb.
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